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The recommended liquid—liquid equilibriuthLE) data for 21 binary alkylbenzene—
water systems have been obtained after critical evaluation of all (88 data sejs
reported in the open literature up to the middle of 2003. An equation for prediction of the
alkylbenzene solubilities was developed. The predicted alkylbenzene solubilities were
used for calculation of water solubility in the second liquid phase. The LLE calculations
were done with the equation of state appended with a chemical term proposeddly Go
The recommended data were presented in the form of individual pages containing tables,
all the references, and optionally figures. ZD05 American Institute of Physics.
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1. Introduction

The objective of this paper is to provide selected and criti-
cally evaluated liquid—liquid equilibriuniLLE) data for bi-
nary alkylbenzene—water systems, taken from the open lit-
erature up to the middle of 2003 and completed with
predicted data. In this work we investigated 392 data sets
obtained from 169 referencés.

Solubility data for hydrocarbon-water systems were the
object of the IUPAC Commission on Solubility Data and
presented as Volumes 37 and 38 of the IUPAC Solubility
Data Series, edited by Sha&w.This work takes into account
new data, which were published since that time. The critical
evaluation procedures were based on the same approach as
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those presented in the previous papers bycMaski et al*
and Gaal et al® The investigation of data includes two steps
described in the next two sections.

A1)/ X 1,cale

2. Solubility of Alkylbenzenes in Water

In the previous papers by Mayrski et al* and Gaal oo
et al.® the solubility of hydrocarbons in water was approxi- s : s
mated with equation: 250 350 450 550

Xy =INXy int CLTiin/ T+HIN(T/ T — 11 (1) T/K

It was found, however, that qu) applied to the solubility Fic. 1. Relative deviatigns of experimenta_l mole fractions of_ benzene in
water,A(X;)/X cqcresulting from Eq(1) (I serieg or Eq.(7) (Il serieg. The

‘?‘ata of alkylbenzenes p_rOd_uceS Sma”_ but sys_,tematlc dev'?élative deviations for given series are indicated by the deviations of the
tions. Therefore, the derivation of E() is examined below  points from the corresponding horizontal line, where the distance between

and a modified equation is proposed. neighboring lines corresponds to 50% deviation.
The starting point of the derivation is condition of the
phase equilibrium:

1= pt +RTIN(X, ), 2 side of Eq.(4) with a logarithmic function, which increases

, . _ with temperature more slowly than the linear function used
where i, denotes chemical potential of the hydrocarbon in;, Eq. (5)

the hydrocarbon rich phase and the expression in the right
side of Eq.(2) gives chemical potential of the hydrocarbon dIn(x)/d(LT)=C" In(T/Tyin), (6)
solute in water, wherg, is mole fraction of the hydrocarbon gquation(6), upon integration, gives Eq7).
in water, f, is activity coefficient standardized to infinite
solution, andu} is the chemical potential of the hydrocarbon
in the corresponding standard state. The solubility of the hy-
drocarbons is so small that in the whole temperature rangehereD is an adjustable constant; ., is mole fraction of
f1=1 can be used. Differentiation of both sides of E2). the hydrocarbon at minimum of the solubility amg,, is the
gives, after simple rearrangement: corresponding temperature.
_ % Figure 1 shows the deviations resulting from E@s.and
dIn(x)/a(1T) == (hy —hy)/R, ®) (7) fitted to the solubility data of benzenéFigure 1 also
whereh? andh; are partial molar enthalpies correspondingcontains points measured at temperatures higher than three
to the chemical potentialg} andu,, respectively. Equation phase critical temperature. At these temperatures the hydro-
(3) can be further rearranged to form: carbon rich phase disappears, but the vapor-liquid equilib-
B x Le o rium still exists) The deviations corresponding to E(.)
dIn(x)/9(AM)==L(hy =h)=(hs=h)IR, (4 g5\ a characteristic pattern also observed in other mixtures,
whereh} is molar enthalpy of the pure hydrocarbon. At low provided they are measured in sufficiently large temperature
temperatures the hydrocarbon rich phase contains almostterval. Comparison of both equations for such mixtures is
pure hydrocarbon hencé{— h°1)~0. Therefore, one can as- given in Table 1.
sume that the right side of Eg¢4) depends mainly onh(; Figure 1 and Table 1 show that E) approximates the
—h°1), which is equal to heat of transfer of one mole of theexperimental data more accurately. Therefore, &fj.was
pure hydrocarbon to the infinite water solution. Calorimetricused for the approximate value of the alkylbenzene solubility
measurements suggest that ¢ h;) increases linearly with  investigated in this paper.
temperature passing through zero at room temperature At the first stage of this investigation E(7) was applied
(Tmin)- In this case, Eq(4) can be expressed as follows:  to experimental data in order to establish valué gf,. The
minimum is rather flat so the adjusted valueTqf;, is sen-
7In(x)/9(1T) = C(T=Trmin), ®) sitive to errors of the data but iJn some mixtﬁflgs there are
whereC is some constant. Integration of E®) leads to Eq.  huge amounts of experimental points measured at room tem-
2. peratures, which allows establishing,;, relatively accu-

In a more rigorous approach, both terms in Ej.must be  rately. The fitted values of ,,;, were as follows: benzene
taken into account. When the temperature increases, the co(®90 K), methylbenzené€290 K), ethylbenzen¢293 K), 1,3-
centration of the hydrocarbon rich phase shifts towards théimethylbenzen€288 K), and 1,4-dimethylbenzen288 K).
concentration of the water rich phase. This is accompanieth other mixtures experimental points measured at the room
by a nonlinear increase of the corresponding partial heat ademperatures were too scarce or too scattered hence we
mixing (h;—h;), which slows down the linear increasing of adopted T,;,=290 K for all the investigated mixtures of
the first term in Eq(4). Therefore, we approximate the right alkylbenzenes.

In X1= In X1, min™T D[(Tmin/T)In(Tmin/T) +1- (Tmin/T)]v
(7)

J. Phys. Chem. Ref. Data, Vol. 33, No. 4, 2004



LIQUID—-LIQUID EQUILIBRIUM DATA. PART 3 1161

TasLe 1. Standard errorss(,s,) of In(x;) resulting from Eqgs(1) and(7), respectively 1 number of experi-
mental pointsiT i, .- Tmax teMperature range of the experimental glata

Name Sy S5 M (Tmin - Tmax)

benzene 0.046 0.034 111 (274..523
methylbenzene 0.070 0.059 96 (273..548
ethylbenzene 0.097 0.092 85 (273..507
1,3-dimethylbenzene 0.146 0.110 36 (273..544
1,4-dimethylbenzene 0.083 0.059 20 (273..553
1,3-diethylbenzene 0.050 0.121 6 (311..550
1-methyl-4{1-methylethy)benzene 0.045 0.019 6 (298..473
1,4-big1-methylethylbenzene 0.124 0.048 6 (311..550

Next the data for each mixture were approximated withwith the help of the variance—covariance matrix obtained
Eq. (7), where the parameters l(y;) andD were fitted to  with a least squares method. This error depend$ andb.
the experimental points using,,,=290 K. The obtained For the limiting values oflf andb, standard errorssj of
values of Irx; i, and D are plotted in Figs. 2 and 3 versus Inx; resulting from Eq(9) are as follows:
the excluded volumeh) used in Redlich—KworfyEquation _ o .
of State(RK EoS, whereb is calculated from critical tem- S(T=290p=80)=0.01;

perature,T., and critical pressure?, given in the Table 2 s(t=290p=220)=0.02;
b=0.08664RT./P.. 8 s(T=550p=280)=0.06;
The linear relations shown in Figs. 2 and 3 are analogical to S(T=550p=220)=0.10;

the linear relations presented in the previous pdpefsr S _ _ .
n-alkanes and unsaturated hydrocarbons. Figures 2 and V#hereT is given in Kelvin ancb in cm® mol™*.
suggest that Eq.7) can be rewritten in form

Inx;=(ci+cob)+(c3+Csb) [ (Tmin/ HIN(Tin/ T) +1

—(Trmin/ D)1 (9) In this work, t_he solubility predicted with I_thg)_ was used
. for the calculation of the water concentration in the second
.The coefficients ¢1’_ €2, C3, andc,) were found 'l.)y a liquid phase. To perform the LLE calculations, a method of
simultaneous regression of the alkylbenzene solubility datacorrelation of phase equilibrium developed by ralb was
Befor_e the regre_ssion process, the plots of the sol_ubility da'_[ﬁsed. This metho@E0SQ was successfully used in previous
were inspected in order to remove the most outlying experl-paper§5 for the correlation and prediction of LLE in
mental points. The initial verification rejected 210 pomts'alkane—water and unsaturated hydrocarbons—water systems.
The remaining 556 points were used in the regression. ThEoSC is based on RK EoS appended with a term, which
following values of the coefficients in E¢9) were obtained:  5..ounts for hydrogen bonding. It assumes that the associa-
c,=—2.605; c,=—0.06296 molcm 3; tion of water can be approximated with the continuous asso-
B _ B s (100  ciation model in which hydrogen bonded cluster of water
C3=7.979; ¢,=0.2668 molcm *. molecules possessing unshared electron pairs or nonhydro-
The standard error of the experimental value ofylp;,, ~ 9en bonded hydrogen atoms can grow by hydrogen bonding
estimated from deviations of the 556 points, was 0.18. Stanto adjacent molecules of water. The kind and concentration
dard error of Inky yin, resulting from Eq(9), was determined of the hydrogen bonded clusters depends on the chemical
equilibrium in the mixture. It is assumed that formation of
each hydrogen bond in water is described by the same tem-

3. Solubility of Water in Alkylbenzenes

8| O alkylbenzene

— calculated

58 |
53
48
QgL

38

O alkylbenzene
33 F

calculated

60 110 160 210 2
b/ cm® mol” 70 120 170 220

b /em® mol

Fic. 2. Minimum solubility x; ;) of alkylbenzenes vs excluded volume
(b). Fic. 3. CoefficientD in Eq. (7) vs excluded volume of alkylbenzenes)(
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TaBLE 2. Data for calculation of the alkylbenzene solubility by means of (Bg.whereT ;=290 K

CAS Name T (K) P. (kPa) b (cm®mol™1) 1N Xg in
1 71-43-2 benzene 562 4898 82.7 —7.81
2 108-88-3 methylbenzene 592 4106 103.8 —-9.14
3 100-41-4 ethylbenzene 617 3606 123.3 —-10.37
4 103-65-1 propylbenzene 638 3200 143.7 —11.65
5 104-51-8 butylbenzene 661 2887 164.8 —12.98
6 538-68-1 pentylbenzene 679 2590 188.8 —14.49
7 1077-16-3 hexylbenzene 696 2330 2153 —16.16
8 98-82-8 (1-methylethylbenzene 631 3209 141.7 —11.53
9 135-98-8 secbutylbenzene 649 2890 161.8 —-12.79
10 98-06-6 tert-butylbenzene 645 2800 165.9 —-13.05
11 95-47-6 1,2-dimethylbenzene 630 3734 121.6 —10.26
12 108-38-3 1,3-dimethylbenzene 617 3536 125.7 —10.52
13 106-42-3 1,4-dimethylbenzene 616 3511 126.4 —10.56
14 141-93-5 1,3-diethylbenzene 655 2860 165.0 —12.99
15 611-14-3 1-ethyl-2-methylbenzene 647 3290 141.7 —11.53
16 99-87-6 1-methyl-41-methylethy] benzene 652 2810 167.1 —-13.13
17 100-18-5 1,4bid-methylethylbenzene 671 2351 205.6 —15.55
18 526-73-8 1,2,3-trimethylbenzene 664 3454 138.6 —11.33
19 95-63-6 1,2,4-trimethylbenzene 649 3232 144.7 —-11.72
20 108-67-8 1,3,5-trimethylbenzene 637 3127 146.8 —-11.85
21 100-42-5 ethenylbenzene 635 3841 119.2 —13.05
perature dependent association conskant,. The details of The results of the LLE calculations are the predicted val-
the LLE calculations and the parameters of the water selfues(as temperature functipiof water solubility in the inves-
association model are given in previous paﬁéfsl tigated alkylbenzenes. The input information is solubility of

Water is more soluble in alkylbenzenes than in alkanes. T@lkylbenzene in water, calculated with EQ). The solubility
account for this phenomenon it was assumed that each aréf water in the alkylbenzenes was used only at the beginning
matic ring can co-associate with the free hydrogen atom off this investigation to fix the three parameters used in the
water. The hydrogen bond of this kind was described by thénodel of the co-associatiorKg, h;, h,). These parameters
temperature dependent equilibrium constagy, ( ;) were constant for all the investigated mixtures. The param-

eters of the model of self-association of water were un-

Kr-w=Koexd(=AH,_n/R)(UT-1/Mg)], (11) changed in respect to the previous pagérs.

where To=273 K is the reference temperatur€, and For the solubility of water in alkylbenzenes 405 experi-
(—AH,_4/R) were optimized in order to obtain good mental points for 15 systems were available in literature. The

agreement between the calculated and experimental solubitrost outlying 36 points were rejected from further investi-
ity of water in the alkylbenzenes. This optimization gave gations. The remained 369 points were compared with the
_ calculated values. This comparison gives average standard
Ko=0.0103 MPa®, (12 error of the experimental data equal to 11% of the measured

which was used for calculation of the water solubility in all water mole fraction. In view of accuracy of the data the
investigated systems. agreement between the calculated and experimental water

It is known that the enthalpy of the coassociation of vari-solubilities is very satisfactory. It was estimated that the LLE
ous alkylbenzenes with the same electrone acceptor increaseslculations at low temperatures permit a determination of
with number of the alkyl groups attached to the benzene ringthe mole fraction of water with 1% accuracy. This accuracy
See, for example, the data of Thompson and Maifiae s lower at high temperatures.
same behavior was observed in the investigated systems. It The relative deviations between the experimental and cal-
was found that good results of the LLE calculations wereculated water mole fractions in various alkylbenzenes are
obtained with the following empirical formula: shown in Fig. 4.

(—AH._4/R)=hy+h,T,, (13) For convenience of the reader the solubility curves pre-

dicted with EoSC were approximated with Ed5) proposed
where T, is critical temperature of the alkylbenzeri®m by Economotet al®

Kelvin) andh; andh, are empirical constants:
) ! 2 P InXy=d;+do(1T,— 1) +dy(1—T)Y3+d,(1—T,).
h,;=-2670 K; h,=6.0 (14 (15
This formula gives increasing values of-AH_ ) from Originally T,=T/T5., whereTs. is three phase critical tem-
5.82 kJ moi ! for benzene up to 12.52 kJ mdi for hexyl-  perature. In most cas@g, is not known and instead df;,
benzene. some adjustable temperaturg= T, is used in Eq(15). For

J. Phys. Chem. Ref. Data, Vol. 33, No. 4, 2004
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TaLE 3. Data for calculation of water solubility in alkylbenzenes by means of(Eg).

CAS Name d, d, ds d, T
1 71-43-2 benzene —0.509 —4.316 —0.203 —3.637 541.7
2 108-88-3 methylbenzene —0.495 —3.700 -0.102 —4.641 553.0
3 100-41-4 ethylbenzene —0.383 —3.167 —0.009 —5.655 566.9
4 103-65-1 propylbenzene —0.304 —2.764 0.166 —6.621 577.5
5 104-51-8 butylbenzene —0.232 —2.326 0.400 —7.774 588.0
6 538-68-1 pentylbenzene —0.180 —2.021 0.666 —8.750 596.1
7 1077-16-3 hexylbenzene -0.135 -1.779 0.971 -9.671 603.5
8 98-82-8 (1-methylethylbenzene —0.329 —2.962 0.152 —6.247 574.0
9 135-98-8 secbutylbenzene —0.268 —2.638 0.322 —-7.077 582.7
10 98-06-6 tert-butylbenzene —0.281 —2.831 0.360 —6.777 580.8
11 95-47-6 1,2-dimethylbenzene -0.332 —2.775 —0.027 —6.308 573.6
12 108-38-3 1,3-dimethylbenzene —0.383 —3.168 —-0.019 —5.636 566.8
13 106-42-3 1,4-dimethylbenzene —0.386 —3.206 —0.003 -5.597 566.4
14 141-93-5 1,3-diethylbenzene —0.248 —2.450 0.336 —7.447 585.6
15 611-14-3 1-ethyl-2-methylbenzene —0.274 —2.480 0.179 —7.156 581.8
16 99-87-6 1-methyl-41-methylethy] benzene -0.259 —2.611 0.366 —7.192 584.0
17 100-18-5 1,4bid-methylethylbenzene —0.202 —1.908 0.300 —8.422 592.7
18 526-73-8 1,2,3-trimethylbenzene —0.220 —1.939 0.288 —8.329 589.8
19 95-63-6 1,2,4-trimethylbenzene —0.267 —2.429 0.187 —7.262 582.8
20 108-67-8 1,3,5-trimethylbenzene —0.307 —2.743 0.101 —6.560 577.1
21 100-42-5 ethenylbenzene -0.314 -0.910 2.643 —13.598 576.1

the alkylbenzenes investigated in this work, the parametersigher (as was shown by data for benzene—water system
of Eq. (15 are given in Table 3. Equatiofl5) should be The solubility of water in alkylbenzenes can be calculated
used in range of experimental data, which were used fowith EoSC in conjunction with Eq(9). To apply the pre-

testing the EoSC calculations. sented equations no experimental solubility data are neces-
sary. This method of prediction was tested using all available
4. Conclusions solubility data for the alkylbenzene—water systems. The pre-

sented tests and good agreement between the calculated solu-

The solubility of alkylbenzenes in water can be calculatedbilities and the recommended data suggest that there is good

with Eq. (9) up to three-phase critical temperature or evenaccuracy in the calculations as well as internal consistency
and good quality of the recommended data.

xasx****:x 5. Description of Tables Containing the
+ — Recommended Data
XXX X1,3,5-tri
s . 1 AbsClmethyletybbenzene Each system is presented in separate table, which includes
i v ¢ :i:’d‘hﬁ;smmy’)m” LLE data along the three phase equilibrium line and option-
3 &t A Lé-dimethylbenzene ally the corresponding figures.
z = n — =" CTER The tables contain data which deviate from the calculated
5 . © i-{methylethyoenzene solubilities by less than 30%. If more data at the same tem-
B sscece © butylbenzene perature fulfills the assumed limit, then only one selected

Acthylbenzene

experimental point was chosen and placed in the table. The
selection was done taking into account agreement with the
recommended data at other temperatures and the agreement
with the calculatedreferenceg solubility. The tables contain
experimental mole fractions of the solute and the corre-
sponding calculated values. The symRgeldenotes the mole
fraction of alkylbenzene in the water-rich phase, andle-

notes the mole fraction of water in the alkylbenzene-rich
phase. Values denoted By ., were calculated with Eq9).

Fic. 4. Relative deviations of experimental mole fractions of water in the The data necessary for using E§) are given in Table 2.

investigated alkylbenzene&(x;)/X; cqc, Calculated in respect to the values ; ‘i
given by Eq.(15). The relative deviations for given mixture are indicated by Values ofx, caic were calculated with E((15). Coefficients

the deviations of the points from the corresponding horizontal line, whereof this _equation are given in Tab_le 3. These Coeff_iCientS were
the distance between neighboring lines corresponds to 50% deviation. ~ found in the following way: at first LLE calculations were

O methylbenzene

Obenzene

250 350 450 550
T/K
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performed with EoSC using solubility of alkylbenzenes pre- with Water and SeawatgPart I: Hydrocarbons G to C, (Pergamon, New

dicted with Eq.(9). Next the calculated solubilities of water  York, 1989.

were approximated with E((15). 3Dj Shaw, Editor, IUPAC Solubility Data Series, Vol. 38ydrocarbons
Additionally, for mixtures investigated over a sufficiently "’\lv'th ivat:rg;d SeawatePart II: Hydrocarbons G 1o Cy (Pergamon,

Iarge_temperature interval' two types of ﬁgures are given'4A.evh\jlagy;15ki, g Wisniewska-Goclowska, and M. @b Recommended

The figures wherd' is plotted versux, show solubility of Liquid—Liquid Equilibrium Data Part 1: Binary & C,; Alkane—Water

alkylbenzenes in water. The figures wharés plotted versus Systems. J. Phys. Chem. Ref. D&&(2), 549 (2004).

X, show solubility of water in the corresponding alkylben- M. Goral, A. Maczyrski, and B. Wisiewska-Goctowska. Recommended
Liquid—Liquid Equilibrium Data Part 2: Unsaturated hydrocarbon—Water

zene.
Systems. J. Phys. Chem. Ref. D&®#?2), 579 (2004).
60. Redlich and J. N. S. Kwong, Chem. Réd, 233(1949.
6. References ’C. C. Thompson and P. A. D. Maine, J. Phys. Ché8. 2766—2771
(1965.
M. Goral, Fluid Phase Equilib27, 118 (1996. 8]. G. Economou, J. L. Heidman, C. Tsonopoulos, and G. M. Wilson,

2D. Shaw, Editor, IUPAC Solubility Data Series, Vol. 3Rydrocarbons AIChE J.43, 535(1997.
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4. Recommended LLE data for alkylbenzenes—water systems

Table 4.1. Benzene—water

Components References
(1) Benzene; gHg; [71-43-2 1D. W. Alexander, J. Phys. Cheri3, 1021(1959.
(2) Water; H,0; [7732-18-3 2F. E. Anderson and J. M. Prausnitz, Fluid Phase Equiiih.63 (1986.

3D. S. Arnold, C. A. Plank, E. E. Erickson, and F. P. Pike, Ind. Eng. Ct8r53(1958.
4J. Barbaudy, J. Chim. Phy&3, 289(1926.

®H.-J. Bittrich, H. Gedan, and G. Feix, Z. Phys. Chdireipzig) 260, 1009(1979.

6C. Black, G. G. Joris, and H. S. Taylor, J. Chem. PHy6;.537 (1948.

"R. S. Bradley, M. J. Dew, and D. C. Munro, High Temp.—High PressGrd$9 (1973.
8R. L. Brown and S. P. Wasik, J. Res. Natl. Bur. Stand., Sed8,453(1974.

°S. D., Jr. Burd and W. G. Braun, Proc. Am. Pet. Inst., Div. Ref).464 (1968.

1. Chandler, B. Eason, C. L. Liotta, and C. A. Eckert, Ind. Eng. Chem. B&s3515(1998.
1H. Chen and J. Wagner, J. Chem. Eng. D28a470(1994).

12w, Chey and G. V. Calder, J. Chem. Eng. Daf& 199 (1972.

13C. W. Clifford, Ind. Eng. Chem13, 631 (1921).

“R. Durand, C. R. Hebd. Seances Acad. 866, 409 (1948.

15B. A. Englin, A. F. Plate, V. M. Tugolukov, and M. A. Pryanishnikova, Khim. Tekhnol. Topl. Masel
10, 42 (1965.

18F. Franks, M. Gent, and H. H. Johnson, J. Chem. Soc. 27963.

7S, Goldman, Can. J. Cher2, 1668(1974).

18M. D. Gregory, S. D. Christian, and H. E. Affsprung, J. Phys. Chéin2283(1967).
193, Griswold, Ju-Nam Chew, and M. E Klecka, Ind. Eng. Ché@).1246(1950.

20g, Groschuff, Z. Elektrocheni7, 348 (1911).

2IA. N. Guseva and E. I. Parnov, Vestn. Mosk. Univ., Ser. 2: KHi). 76 (1963.

22A. E. Hill, J. Am. Chem. Soc45, 1143(1923.

ZR. Karlsson, J. Chem. Eng. Dai®, 290 (1973.

2H. B. Klevens, J. Phys. Cherb4, 283(1950.
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Reference liquid—liquid equilibrium data
Water rich phase Hydrocarbon rich phase

T (K) P (kpa) Xl,exp Xl,calc T (K) P (kPa) X2,exp X2,calc
273.2 3.8% 10 * (Ref. 32 4.3x1074 273.2 1.3 1072 (Ref. 32 1.2x10°8
273.4 4.23X10 * (Ref. 27) 4.3x10 % 276.2 1.3x 10 ® (Ref. 20 1.4x10°8
274.0 42510 (Ref. 1) 4.3x1074 278.6 1.5 1072 (Ref. 33 1.5x10°8
275.2 43X 10 * (Ref. 29 4.2x1074 282.4 1.78% 10 3 (Ref. 30 1.7x10°8
277.7 4.25¢10 % (Ref. 8 4.2x10°* 282.6 1.9% 10 ° (Ref. 29 1.7x1078
278.2 3.7%10* (Ref. 39 4.2x1074 282.7 1.5 1072 (Ref. 39 1.7x10°8
278.8 4.0X10 % (Ref. 3 4.2x1074 283.2 1.9% 102 (Ref. 15 1.8x10°3
279.4 4.15%107* (Ref. 27) 4.1x10°* 287.7 1.8 1072 (Ref. 39 2.1x10°3
279.5 4.2%10°* (Ref. 8 4.1x1074 288.1 2.3% 1072 (Ref. 23 2.1x10°8
279.9 4.0X10 * (Ref. 3 4.1x10°* 288.2 2.26¢10 2 (Ref. 17 2.1x10°3
280.3 4.1% 10 * (Ref. 8 4.1x10°* 291.1 2.56¢10 2 (Ref. 23 2.3x1073
282.2 4.1 10 (Ref. 8 4.1x1074 293.2 2.5% 1072 (Ref. 15 2.5x1073
282.6 4.1% 10 * (Ref. 1) 4.1x10°* 293.3 2.7% 10 % (Ref. 29 2.5x10°°
283.2 4.0410 * (Ref. 43 4.1x10°* 294.2 2.0x 102 (Ref. 13 2.6x1073
284.4 4.14% 1074 (Ref. 27 4.1x1074 295.2 2.9 1072 (Ref. 43 2.7x1078
285.0 4.0%10 * (Ref. 8 4.1x10°* 295.7 2.6 102 (Ref. 39 2.7x10°°
285.3 4.0% 10 * (Ref. 8 4.1x10°* 295.9 2.606 102 (Ref. 38 2.7x10°3
285.7 3.9%10°* (Ref. 3 4.1x1074 296.1 2.9% 1072 (Ref. 23 2.8x1078
287.2 4.0 10 * (Ref. 27 4.1x10* 296.2 2.6 10 2 (Ref. 20 2.8x10°°
288.1 4.79%107* (Ref. 31) 4.1x10°* 297.7 3.14 102 (Ref. 29 2.9x1073
288.2 3.9%10°* (Ref. 3 4.1x1074 297.9 2.96¢10°2 (Ref. 37 2.9x1078
288.3 41410 * (Ref. 8 4.1x10 4 298.1 3.1410 2 (Ref. 23 2.9x10°°
289.2 3.3% 10 * (Ref. 14 4.1x10°* 298.2 3.0% 102 (Ref. 26 3.0x10°3
290.0 4.0%10* (Ref. 1) 4.1x1074 299.2 2.34 1072 (Ref. 6 3.1x10°8
290.1 4.06X10 * (Ref. 27) 4.1x10 % 299.8 2.4 10 ° (Ref. 13 3.1x10°3
290.2 3.95% 10 * (Ref. 16 4.1x10°* 301.1 3.4% 102 (Ref. 23 3.3x10°3
291.1 41410 (Ref. 8 4.1x1074 302.7 3.6% 102 (Ref. 29 3.4x1073
291.8 4.07% 10 * (Ref. 27) 4.1x10°* 303.1 3.7¢10 2 (Ref. 23 3.5x10°°
293.1 4.80% 107 * (Ref. 31 4.1x10°* 303.2 3.5x 102 (Ref. 36 3.5x1073
293.2 4.13% 10 * (Ref. 5 4.1x1074 303.3 3.59% 102 (Ref. 30 3.5x10°3
293.3 4.0%K10 * (Ref. 8 4.1x10°* 303.7 3.67410 ° (Ref. 38 3.5x10°°
293.8 3.9%10* (Ref. 3 4.1x10°* 305.1 3.9% 102 (Ref. 23 3.7x1073
294.0 4.0X 10 * (Ref. 12 4.1x1074 305.2 3.5x 102 (Ref. 39 3.7x10°3
295.2 4.30& 10 “ (Ref. 43 4.1x10 4 306.2 3.78%10 ° (Ref. 38 3.8x10°°
296.7 42010 (Ref. 39 4.1x10°* 308.0 4.4x10°° (Ref. 29 4.1x1073
297.2 4.16¢10°* (Ref. 1) 4.1x1074 308.2 4.1% 102 (Ref. 18 4.1x10°3
298.0 100 4.0810 * (Ref. 28 4.1x10* 310.7 5.0¢10 2 (Ref. 22 4.4x10°3
298.1 4.0X10°* (Ref. 3 4.1x1074 310.9 7000 4.1810 2 (Ref. 40 4.4x1073
298.2 41K 10 * (Ref. 25 4.1x1074 311.0 7000 4.68 102 (Ref. 40 4.5x10°3
299.0 4.19% 10 * (Ref. 27) 4.1x10* 311.1 7000 4.8%10 2 (Ref. 40 45x10°3
299.2 3.9%10* (Ref. 16 4.1x1074 311.5 7000 4.2%10°3 (Ref. 40 4.5x1073
300.5 4.0X10 % (Ref. 3 4.1x1074 311.8 7000 438103 (Ref. 40 4.6x10°3
302.2 4.0X10°* (Ref. 16 4.2x10°% 313.2 4761072 (Ref. 17 4.8x1078
303.2 100 4.2%10°* (Ref. 12 4.2x1074 313.3 4.845% 1072 (Ref. 30 4.8x1073
304.2 4.2% 104 (Ref. 1) 4.2x1074 313.8 5.04% 10 2 (Ref. 38 4.9x10°3
305.2 4.1X%10 * (Ref. 16 4.2x10°* 314.6 5.2% 10 2 (Ref. 379 5.0x10°3
308.2 4.2x10°* (Ref. 16 4.3x1074 315.1 5.15% 102 (Ref. 38 5.1x10°3
308.3 4.84% 10 * (Ref. 31 4.3x10°* 315.2 3.8 10 ° (Ref. 13 5.1x10 3
311.2 4510 * (Ref. 1) 4.3x10°* 316.9 5.76<10 2 (Ref. 29 5.3x1073
313.1 43410 % (Ref. 3 4.4x1074 317.2 5.8% 1072 (Ref. 37 5.4x 1072
313.2 30.54 4.43810 * (Ref. 41) 4.4x10°* 319.1 6.064 10 2 (Ref. 38 5.7x10°°
313.7 4.3%10 * (Ref. 16 4.4x10°* 322.6 6.7 102 (Ref. 29 6.3x1073
315.2 4.4x10"* (Ref. 16 4.5x1074 323.1 6.56% 102 (Ref. 30 6.4x 1072
317.2 4.45¢10"* (Ref. 16 4.5x10°* 323.2 6.5 102 (Ref. 19 6.4x10°°
317.9 4.6%10°* (Ref. 1) 4.6x10°* 323.6 6.9% 102 (Ref. 39 6.5x10°3
318.2 45%10* (Ref. 3 4.6x1074 325.1 6.90X 10 ° (Ref. 38 6.8x107°2
318.9 5.304 10 * (Ref. 31 4.6x10* 325.4 7.07& 10 2 (Ref. 38 6.9x10°°
319.2 45%10°* (Ref. 16 4.6x10°* 326.4 7.21K107° (Ref. 38 7.1x1073
323.0 4.7X10°* (Ref. 3 4.8x1074 327.9 7.52K 102 (Ref. 38 7.4x1073
323.2 100 5168010 * (Ref. 11 4.8x10 % 328.2 7.9 102 (Ref. 20 7.4x10°°3
324.2 4.7% 10 * (Ref. 16 4.8x10°* 329.2 7.8x 102 (Ref. 39 7.7x10°3
324.7 49410 (Ref. 1 4.8x1074 330.7 8.0 1072 (Ref. 22 8.0x 1073
327.7 4.9% 10 * (Ref. 3 5.0< 104 331.4 8.9% 102 (Ref. 37 8.2x107°3
328.2 100 54910 % (Ref. 7) 5.0x10* 331.7 9.4% 102 (Ref. 379 8.2x10°3
329.2 5.0%x10 * (Ref. 16 5.1x 1074 333.1 8.65% 102 (Ref. 30 8.5x 1073
332.0 5.4 10 * (Ref. 1) 5.2x10 4 333.2 150 9.56010 3 (Ref. 11 8.6x10°°
333.0 5.2X10 * (Ref. 3 5.3x10°* 334.1 9.294 102 (Ref. 38 8.8x1073
333.2 5.64K 10 * (Ref. 5 5.3x 1074 338.2 9.9 102 (Ref. 22 9.8x10°3
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334.2 5.3 10 * (Ref. 16 5.3x 1074 338.5

336.2 5.4X 10 * (Ref. 16 5.5x 1074 339.2

338.0 5.5%10°“ (Ref. 3 5.6x 1074 340.4

338.6 5.9410 % (Ref. 1) 5.6x10°* 340.7

342.2 5.6K10 4 (Ref. 3 5.9x 1074 342.7

342.4 6.4%10™* (Ref. 4 5.9x 1074 343.2 250

343.2 250 6.25107* (Ref. 11 5.9x1074 344.2

352.7 8.6X 10 * (Ref. 42 6.7x10°4 344.4 7000

353.2 250 6.9510 4 (Ref. 11 6.8x10°4 346.2

363.2 350 8.080107* (Ref. 11 7.8x1074 346.4

373.0 6500 8.9810™“ (Ref. 29 9.1x1074 350.2

373.2 275.8 9.4810 * (Ref. 4)) 9.1x10°4 353.2 250

374.2 287 1.0210°° (Ref. 2 9.2x1074 359.0 170

398.0 577 1.48010°3 (Ref. 2 1.4x10°3 363.2 350

420.9 1053 2.1%10°° (Ref. 2 2.1x107° 373.2 350

423.0 6500 2.2810°° (Ref. 29 2.2x10°3 374.2 287

423.2 1054.9 2.4210° 3 (Ref. 4)) 2.2x10°° 377.0 7000

448.0 1901 3.4810°° (Ref. 2 3.4x107° 385.0 340

448.6 1859 3.48107° (Ref. 2 3.5x107°2 398.0 577

473.0 6500 5.08 10 ° (Ref. 29 5.5x10° 2 411.0 7000

473.2 3020 5.48 10 ° (Ref. 4)) 5.5x10°° 413.0 690

4734 3045 5.6410°° (Ref. 2 5.6x 1073 420.9 1053

477.0 3218 6.0%10 2 (Ref. 2 6.0x10°° 423.0 1073

477.2 6.844 102 (Ref. 21) 6.0x10°° 423.2 1054.9

498.2 9.0x 1073 (Ref. 21) 8.9x1072 434.0 1030

514.2 1.06K 10 2 (Ref. 21) 1.2x10°2 444.3 7000

523.2 6600 1.5410°2 (Ref. 10 1.4x10°2 448.0 1901

527.2 1.21% 102 (Ref. 21) 1.5x10°2 448.6 1859
473.2 3020
473.4 3045
476.1 7000
477.0 3218
498.2 4100
523.2 6600

1.0510°? (Ref. 38
1.1 1072 (Ref. 20
1.12K 10 2 (Ref. 38
1.0 1072 (Ref. 39
1.1410°? (Ref. 22
1.2%10 2 (Ref. 1)
1.27410°2 (Ref. 37
1.2410 2 (Ref. 40
1.2% 10 ? (Ref. 39
1.30x 102 (Ref. 38
1.45% 1072 (Ref. 20
1.54%10 2 (Ref. 19
1.46010°2 (Ref. 9
2.0%10 2 (Ref. 11
2.6%10 2 (Ref. 11
2.13%10°2 (Ref. 2
2.7410 2 (Ref. 40
2.7810° 2 (Ref. 9
3.658 1072 (Ref. 2
5.588 10 2 (Ref. 40
458102 (Ref. 9
6.08%10 2 (Ref. 2
6.518 10 2 (Ref. 2
7.1810 2 (Ref. 41)
6.48 1072 (Ref. 9
1.08107! (Ref. 40
1.058 10 (Ref. 2
1.05810°* (Ref. 2
1.85107! (Ref. 41
1.792 10 * (Ref. 2
1.7% 107! (Ref. 40
1.88810 ! (Ref. 2
2.2810°* (Ref. 10
3.9410 ! (Ref. 10

1167

9.9x10°3
1.0x10°2
1.0x10°2
1.1x 1072
1.1x10°2
1.1x10°2
1.2x10°2
1.2x10°2
1.2x10°2
1.2x1072
1.4x10°2
1.5x10°2
1.7x 1072
1.9x10°2
2.4x107?
2.5x 1072
2.6x10°?
3.2x10°2
4.2x107?2
5.6x 10?2
5.8x10 2
6.8x1072
7.1x10°?
7.2x1072
8.9x 1072
1.1x10°1
1.2x10°t
1.2x10°*
1.8x10°1!
1.8x10°t
1.9x10°*
2.0x10°1
2.8x10°1!
4.3x107t
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Table 4.2. Methylbenzene—water
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Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase

T (K) P (kPa) Xl,exp Xl,calc T (K) P (kPa) X2,exp X2,calc

273.2 1.1410™* (Ref. 22 1.2x10°*4 273.2 1.1% 1072 (Ref. 18 1.2x10°8
273.7 1.1 10 * (Ref. 7 1.1x10°* 283.2 1.7% 10 ° (Ref. 19 1.7x10°8
277.7 1.2x107* (Ref. 3 1.1x10°* 288.2 2.1% 1072 (Ref. 10 2.0x1073
278.2 1.11K 10 * (Ref. 22 1.1x10°* 291.2 1.7 10 ® (Ref. 29 2.2x10°°3
279.5 1.1&%107* (Ref. 3 1.1x10°*4 293.2 2.3% 1072 (Ref. 8 2.4x1073
280.3 1.15% 10 * (Ref. 3 1.1x10°* 295.2 2.6 10 2 (Ref. 26 2.6x10°°
282.2 1.1%107* (Ref. 3 1.1x10°*4 298.2 2.80x 1072 (Ref. 12 2.8x1073
283.1 1.23610 * (Ref. 17) 1.1x10°* 303.2 100 3.1%10 3 (Ref. 8 3.3x10°°
283.2 1.0%107* (Ref. 22 1.1x10°* 308.2 3.5 1072 (Ref. 13 3.8x10°32
285.0 1.1X10 * (Ref. 3 1.1x10°* 311.7 3.6 102 (Ref. 25 4.2x10°3
285.3 1.1%107* (Ref. 3 1.1x10°* 312.8 5.6 1072 (Ref. 29 4.4x1073
288.2 1.0 10 * (Ref. 22 1.1x10°* 313.2 100 41810 ° (Ref. 4 4.4x10°3
288.3 1.1x107* (Ref. 3 1.1x10°* 321.2 4.9¢ 102 (Ref. 25 5.6x 1072
289.2 9.2k 10 ° (Ref. 9 1.1x10°* 323.2 100 5.38010 2 (Ref. 4 5.9x10°°3
291.1 1.1%107* (Ref. 3 1.1x10°* 333.2 150 7.1%10°3 (Ref. 4 7.8x1078
293.1 1.29X 10 * (Ref. 17) 1.1x10°* 333.3 7.8% 102 (Ref. 29 7.8x107°2
293.2 1.1x107* (Ref. 19 1.1x10°* 333.7 7.80x 1072 (Ref. 25 7.9x1078
293.3 1.1X 10 * (Ref. 3 1.1x10°* 341.2 1.0X 10 ? (Ref. 29 9.6x10°°
294.0 9.36¢10°° (Ref. 5 1.1x10°* 343.2 250 9.4810 2 (Ref. 4 1.0x10°2
295.2 9.6X 10 ° (Ref. 26 1.1x10°* 343.6 1.04% 10 2 (Ref. 24 1.0x1072
296.7 1.2%107* (Ref. 23 1.1x10°* 349.2 1.2% 1072 (Ref. 25 1.2x1072
298.0 5000 1.0% 10 * (Ref. 16 1.1x10°* 353.2 250 1.2810 2 (Ref. 4 1.3x1072
298.1 1.02K 10" * (Ref. 21) 1.1x10°* 354.2 1.25% 102 (Ref. 24 1.3x10°2
298.2 1.1X 10 * (Ref. 18 1.1x10°* 357.2 1.5% 10 ? (Ref. 29 1.4x1072
303.2 1.1%10™* (Ref. 11 1.1x10°* 363.2 350 1.6210°2 (Ref. 4 1.7x1072
308.2 1.0%10 * (Ref. 15 1.1x10°* 363.4 1.42K 10 2 (Ref. 24 1.7x1072
308.3 1.31&10°* (Ref. 17 1.1x10°* 366.2 2.0& 1072 (Ref. 25 1.8x10°2
313.2 1.2 10 * (Ref. 24 1.2x10°* 372.6 153 1.92810 2 (Ref. 1) 2.1x10°?
318.2 1.2510™“ (Ref. 20 1.2x10°% 373.2 350 2.26010°2 (Ref. 4 2.1x107?
318.5 1.31% 10 * (Ref. 17 1.2x10°* 398.0 384 3.41%10 2 (Ref. 1) 3.7x10°?
323.0 5000 1.2810* (Ref. 16 1.3x10°* 422.6 753 5.789.10°2 (Ref. 1) 6.1x107?2
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323.2 100 1.2%¥ 10 * (Ref. 4 1.3x10°4 422.8 6800 5.8810 2 (Ref. 2
328.2 1.4 10 * (Ref. 7 1.4x10°% 429.2 6800 7.3810°? (Ref. 2
333.2 150 1.4%10* (Ref. 4 1.5x10°*4 448.4 1425 9.828 102 (Ref. 1)
340.6 6800 1.8310 * (Ref. 2 1.6x10 % 448.5 1404 9.52510 2 (Ref. 1)
343.2 250 1.7X10°* (Ref. 4 1.7x10°* 451.1 6800 9.8810 2 (Ref. 2
343.6 1.8x 10 “ (Ref. 29 1.7x10°% 453.3 6800 1.0810 ! (Ref. 2
353.2 250 1.98 10 * (Ref. 4 2.0x1074 467.8 6800 1.34107! (Ref. 2
354.2 2.5 10" “ (Ref. 29 2.0x10°4 470.9 6800 1.4510° ! (Ref. 2
363.2 350 2.3%107* (Ref. 4 2.3x1074 473.6 2363 1.592 10 (Ref. 1)
363.4 2.3x10°“ (Ref. 29 2.3x1074 479.8 6800 1.6510 ! (Ref. 2
372.6 153 2.8610°* (Ref. 1) 2.8x1074 485.1 6800 1.82107! (Ref. 2
373.0 5000 2.7810°“ (Ref. 16 2.8x1074 488.4 6800 1.9%10° ! (Ref. 2
373.2 350 1.68 10 * (Ref. 4 2.8x1074 494.7 6800 21410 (Ref. 2
384.1 6800 3.6810“ (Ref. 2 3.5x1074 502.5 6800 2.58107! (Ref. 2
398.0 384 46310 (Ref. 1) 4.6x10°* 504.2 6800 2.4%107* (Ref. 2
403.2 6800 5.2%10°“ (Ref. 2 5.1x 1074 513.5 6800 2.88107! (Ref. 2
417.2 6800 6.9310 “ (Ref. 2 6.9x1074 521.6 6800 3.2910* (Ref. 2
422.6 753 7.9410 * (Ref. 1) 7.7x1074 523.2 5800 3.8410 ! (Ref. 6
423.0 5000 6.6810“ (Ref. 16 7.8x1074 524.3 6800 3.4%10* (Ref. 2
445.0 6800 1.1810° 2 (Ref. 2 1.3x10°2 548.2 8600 5.6910°* (Ref. 6
448.4 1425 1.3810°° (Ref. 1) 1.4x10°°

4485 1404 1.28310°° (Ref. 1) 1.4x10°8

473.0 5000 1.9810°° (Ref. 16 2.4x1073

473.2 2500 2.3810°° (Ref. § 2.4x10°8

473.6 2363 2.5810° (Ref. 1) 2.4x10°3

485.2 6800 2.6810 ° (Ref. 2 3.1x10°°

518.0 6800 5.4%10° (Ref. 2 6.6x10°3

523.2 5800 7.0810°° (Ref. § 7.4x10°°

548.2 8600 1.2810°? (Ref. 1.3x10°2

6.1x10 2
7.0x10°?
1.0x10°!
1.0x10°?
1.1x10°1t
1.1x10°1
1.4x10°t
1.5x10°1!
1.6x10°t
1.8x10°*
2.0x10°1!
2.1x107t
2.3x10°1!
2.6x10°!
2.7x1071
3.2x10°t
3.6x10°1!
3.7x107t
3.8x10°1!
5.5x107!

Other references:

Z7L. J. Andrews and R. M. Keefer, J. Am. Chem. S@t, 3644 (1949.

283, Banerjee, Environ. Sci. Techndlg, 587 (1984).

293, Banerjee, S. H. Yalkowsky, and S. C. Valvani, Environ. Sci. Techiibl1227(1980.
30y, G. Benkovski, M. H. Nauruzov, and T. M. Bogoslovskaya, Tr. Inst. Khim. Nefti Prir. Solei, Akad. Nauk Kaz.2S3R
3IA. Ben-Naim and J. Wilf, J. Chem. Phyg0, 771 (1979.

32A. Ben-Naim and J. Wilf, J. Phys. Cher@4, 583 (1980.

33R. L. Bohon and W. F. Claussen, J. Am. Chem. $t8.1571(195).

34H. S. Booth and H. E. Everson, Ind. Eng. Chetf, 1491 (1948

%R. S. Bradley, M. J. Dew, and D. C. Munro, High Temp.—High PressGrd$9 (1973.
36B. D. Caddock and P. L. Davies, J. Inst. P&8, 391 (1960.

%73. F. Connolly, J. Chem. Eng. Dat4, 13 (1966.

38M. D. Gregory, S. D. Christian, and H. E. Affsprung, J. Phys. Chgin2283(1967).
3%A. N. Guseva and E. |. Parnov, Radiokhimi§a507 (1963.

40A. N. Guseva and E. I. Parnov, Vestn. Mosk. Univ., Serl8176 (2: K) (1963.

4IM. Haruki, Y. Iwai, S. Nagao, and Y. Arai, J. Chem. Eng. D& 950 (2001).

427, Jager, Brennst.-Cherd, 259 (1923.

43). R. Johnson, S. D. Christian, and H. E. Affsprung, J. Chem. Sa@. (1966.

“D. F. Keeley, M. A. Hoffpauir, and J. R. Meriwether, J. Chem. Eng. [R8a87 (1988.
“°H. B. Klevens, J. Phys. CherB4, 283(1950.

46 M. Korenman and R. P. Aref’eva, Zh. Prikl. KhiniLeningrad 51, 957 (1978.

4TR. Ya. Krasnoshchekova and M. Ya. Gubergrits, Vodnye Res2ray0(1975.

483, M. Lo, C. L. Tseng, and J. Y. Yang, Anal. CheB8, 1596(1986.

4D, Mackay and W. Y. Shiu, Can. J. Chem. E5§, 239 (1975.

50C. McAuliffe, J. Phys. Chem70, 1267(1966.

51C. McAuliffe, Nature(London 200, 1092(1963.

52T, J. Morrison and F. Billett, J. Chem. Soc. 38(®52).

53N. Peschke and S. I. Sandler, J. Chem. Eng. B8fz815 (1995.

4. C. Price, Am. Assoc. Pet. Geol. Bub0, 213(1976.

555, S. Rossi and W. H. Thomas, Environ. Sci. Tech§].715 (1981).

%6E. Sada, S. Kito, and V. Ito, J. Chem. Eng. Data 373(1975.

5/l. Sanemasa, S. Arakawa, M. Araki, and T. Deguchi, Bull. Chem. Soc.5¥ri539(1984.
%8|, Ssanemasa, M. Araki, T. Deguchi, and H. Nagai, Bull. Chem. Soc. 33n1054(1982.
9. Sanemasa, Y. Miyazaki, S. Arakawa, M. Kumamaru, and T. Deguchi, Bull. Chem. So®Q)G17 (1987).
803, sawamura, K. Kitamura, and Y. Taniguchi, J. Phys. Ct@8n4931(1989.

®1F. P. Schwarz and J. Miller, Anal. CheiB2, 2162 (1980.

62C. Sutton and J. A. Calder, J. Chem. Eng. D26a320 (1975.

83K. Tamura, Y. Chen, and T. Yamada, J. Chem. Eng. @&z1381(2001).

64y, B. Tewari, M. M. Miller, S. P. Wasik, and D. E. Martire, J. Chem. Eng. D2fa451 (1982.
65A. Vesala, Acta Chem. Scand., Ser28 839 (1974.

66J. Wing and W. H. Johnston, J. Am. Chem. S@8, 864 (1957.
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T/K
T/K

® experimental point

— calculated ® experimental point
— calculated

250

250 =
0.0 0.5 1.0 1.5 2.0

2
10°x | 10x,

Table 4.3. Ethylbenzene—water

Components References
(1) Ethylbenzene; gH,q; [100-41-4 IR. L. Brown and S. P. Wasik, J. Res. Natl. Bur. Stand., Seat8M53 (1974.
(2) Water; H,0; [7732-18-3 2H. Chen and J. Wagner, J. Chem. Eng. D28a679 (1994).

3p. Dohanyosova, D. Fenclova, P. Vrbka, and V. Dohnal, J. Chem. Eng.4Bai%33(2007).

“B.A. Englin, A. F. Plate, V. M. Tugolukov, and M. A. Pryanishnikova, Khim. Tekhnol. Topl. Masel
10, 42 (1965.

5T. S. Filippov and A. A. Furman, Zh. Prikl. Khin{Leningrad 25, 895 (1952.

A. N. Guseva and E. I. Parnov, Zh. Fiz. Khi®8, 805 (1964).

7J. L. Heidman, C. Tsonopoulos, C. J. Brady, and G. M. Wilson, AIChE1,)376 (1985.

8J. R. Jones and C. B. Monk, J. Chem. Soc. 268363.

°H. B. Klevens, J. Phys. CherB4, 283(1950.

103 W. Owens, S. P. Wasik, and H. DeVoe, J. Chem. Eng. Batd7 (1986.

113, Polak and B. C. Y. Lu, Can. J. Chebi, 4018(1973.

12, sanemasa, Y. Miyazaki, S. Arakawa, M. Kumamaru, and T. Deguchi, Bull. Chem. So&QJpn.
517 (1987).

133, sawamura, K. Nagaoka, T. Machikawa, J. Phys. CH&8. 2429(2002).

1F, P, Schwarz and J. Miller, Anal. Chef®2, 2162 (1980.

15y, B. Tewari, M. M. Miller, S. P. Wasik, and D. E. Martire, J. Chem. Eng. D2fa451 (1982.
18A. Vesala, Acta Chem. Scand., Ser28, 839 (1974).

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase

T (K) Xl,exp Xl,calc T (K) P (kpa) XZ,exp XZ,caIc

273.2 3.3410°° (Ref. 11 3.4x107° 273.2 1.0 1072 (Ref. 11 1.2x10°8
273.7 2.8610 ° (Ref. 3 3.4x10°° 283.2 1.6X 10 ° (Ref. 4 1.7x10°8
277.7 3.3%107° (Ref. 1) 3.3x107° 291.4 1.74107° (Ref. 5 2.2x1073
278.2 3.08%4 10 ° (Ref. 13 3.3x10°° 291.5 1.8 10°° (Ref. § 2.2x10°8
279.5 3.26¢10°° (Ref. 1) 3.2x10°° 292.9 1.9%10°° (Ref. 5§ 2.3x1073
280.3 3.16¢10°° (Ref. 1) 3.2x107° 293.2 2.1%10 3 (Ref. 4 2.3x10°3
282.2 3.1&10°° (Ref. 1) 3.2x10°° 295.5 2.0% 10 % (Ref. 5 2.5x1073
283.2 3.0%107° (Ref. 19 3.2x107° 296.6 2.1%X10°3 (Ref. 5 2.5x1073
285.0 3.0%10 ° (Ref. 1) 3.2x10°° 297.4 2.2& 102 (Ref. 5 2.6x10°°
285.3 3.1K10°° (Ref. 1) 3.2x10°° 298.2 2.60< 103 (Ref. 11) 2.7x1078
287.2 3.2% 10 ° (Ref. 10 3.2x10°° 300.4 2.9 10 2 (Ref. 5 2.9x10°°
288.2 2.9%10°° (Ref. 9 3.1x10°° 303.0 3.5x 102 (Ref. 5 3.1x10°3
288.3 3.06¢10°° (Ref. 1) 3.1x10°° 303.2 2.9%10 3 (Ref. 4 3.1x10°3
290.2 3.2¢10°° (Ref. 10 3.1x10°° 304.8 3.8 10 2 (Ref. 5 3.3x10°°
291.1 3.1%107° (Ref. 1) 3.1x10°° 305.3 4.0%10°3 (Ref. 5§ 3.3x10°3
291.2 3.1X 10 ° (Ref. 10 3.1x10°° 307.4 4.3% 10 2 (Ref. 5 3.5x10°°
292.2 3.0x10°° (Ref. 10 3.2x10°° 308.2 3.6 10 % (Ref. 8 3.6x10°3
293.2 3.1% 10 ° (Ref. 10 3.2x10°° 308.3 4.56¢10 3 (Ref. 5 3.6x10°°
293.3 3.1x10°° (Ref. 1) 3.2x10°° 310.9 9.1 430102 (Ref. 7 3.9x1073
294.2 3.1%10°° (Ref. 10 3.2x10°° 313.2 3.66<10° 3 (Ref. 2 4.1x10°3
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45%10°° (Ref. 2
5.7% 10 ° (Ref. 2
8.30x 10 2 (Ref. 2
1.0% 1072 (Ref. 2
1.5410 2 (Ref. 2
1.8810°2 (Ref. 7)
2.0X10 2 (Ref. 2
5.9610 2 (Ref. 7)
1.6310° ! (Ref. 9
4.0810 ' (Ref. 7
472107 (Ref. 7)
6.9¢10°! (Ref. 7
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295.2 3.0%10°° (Ref. 10 3.2x10°° 323.2

296.7 3.16¢107° (Ref. 10 3.2x107° 333.2

298.0 3.4410°° (Ref. 16 3.2x10°° 343.2

298.1 2.4%107° (Ref. 12 3.2x107° 353.2

298.2 3.1&10°° (Ref. 15 3.2x107° 363.2

299.0 3.1%107° (Ref. 10 3.2x107° 367.6 111
301.2 3.16¢107° (Ref. 10 3.2x107° 373.2

303.2 3.2x10°° (Ref. 10 3.3x10°° 423.4 627
308.2 3.2%10°° (Ref. 10 3.4x107° 479.5 2320
313.2 3.5x 10°° (Ref. 10 3.5x10°° 536.1 6500
318.2 3.6X107° (Ref. 10 3.7x107° 550.4 8270
323.2 3.52% 10 ° (Ref. 13 3.9x107° 568.1 10680
328.2 3.6%10°° (Ref. 3 4.2x10°°

333.2 4.0%10°° (Ref. 2 4.5x107°

343.2 4.9%10°° (Ref. 2 5.3x10°°

353.2 5.9%10°° (Ref. 2 6.3x10°°

363.2 6.9510°° (Ref. 2 7.7x107°

373.2 8.54107° (Ref. 2 9.4x107°

413.7 2.0X 10 * (Ref. 2.4x10°*

4437 6.04 10 “ (Ref. § 5.2x10°*

483.2 1.1% 10 3 (Ref. 6 1.4x10°3

506.7 1.9% 1072 (Ref. 6 2.6x1073

5.5x10 3
7.1x10°3
9.2x10°3
1.2x1072
1.5x10°2
1.7x1072
1.9x10°2
5.5x10 2
1.6x10°1*
4.2x1071
5.2x107*
6.8x10°1

Other references

YL. J. Andrews and R. M. Keefer, J. Am. Chem. S@2, 5034 (1950.

183, Banerjee, S. H. Yalkowsky, and S. C. Valvani, Environ. Sci. Techi#pl1227(1980.
%A, Ben-Naim and J. Wilf, J. Chem. Phy&0, 771 (1979.

20A. Ben-Naim and J. Wilf, J. Phys. Cher@4, 583 (1980).

2IR. L. Bohon and W. F. Claussen, J. Am. Chem. St&:.1571(1951).

224, Fuhner, Ber. Dtsch. Chem. Ge57, 510(1924).

23M. Haruki, Y. lwai, S. Nagao, and Y. Arai, J. Chem. Eng. D46 950 (2001).

2D. F. Keeley, M. A. Hoffpauir, and J. R. Meriwether, J. Chem. Eng. (362456 (1991).
2, M. Korenman and R. P. Aref’eva, Patent USSR, 553 524, 5 April 1977.

28, M. Korenman and R. P. Aref'eva, Zh. Prikl. KhiniLeningrad 51, 957 (1978.

27C. McAuliffe, Nature(London 200, 1092 (1963.

28C. McAuliffe, J. Phys. Chem70, 1267(1966.

29T, J. Morrison and F. Billett, J. Chem. Soc. 38(®52).

30L. C. Price, Am. Assoc. Pet. Geol. Bub0, 213(1976.

3Y, Sanemasa, M. Araki, T. Deguchi, and H. Nagai, Chem. Lett. A281).

%2, sanemasa, M. Araki, T. Deguchi, and H. Nagai, Bull. Chem. Soc. 9nl054(1982.
3%, Sanemasa, S. Arakawa, M. Araki, and T. Deguchi, Bull. Chem. Soc.55ri539(1984.
343, sawamura, K. Kitamura, and Y. Taniguchi, J. Phys. CHe8n4931(1989.

35C. Sutton and J. A. Calder, J. Chem. Eng. D26a320 (1975.

550 550

M450*
~

T/K

350 350

® experimentat point
—- calculated

® experimental point
— calculated

250 L . : * 250
0.0 0.5 1.0 15 2.0 2.5 0.0 2.0
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Table 4.4. Propylbenzene—water

Components
(1) Propylbenzene; gH,,; [103-65-1
(2) Water; H,0; [7732-18-§

References

P. Dohanyosova, D. Fenclova, P. Vrbka, and V. Dohnal, J. Chem. Eng.4Bai&533(2001).

2H. Fthner, Ber. Dtsch. Chem. Ge57, 510(1924).

3A. N. Guseva and E. I. Parnov, Zh. Fiz. Khit38, 805 (1964).

4J. W. Owens, S. P. Wasik, and H. DeVoe, J. Chem. Eng. Bhtd7 (1986.

5. Sanemasa, Y. Miyazaki, S. Arakawa, M. Kumamaru, and T. Deguchi, Bull. Chem. So&QJpn.
517 (1987).

6S. Sawamura, K. Nagaoka, T. Machikawa, J. Phys. CH&S§.2429(2001).

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase

T (K) Xl,exp Xl,calc X2,calc

273.2 9.0 10 ° (Ref. 6 9.5x 1078 1.2x10°°
273.7 6.9% 10 % (Ref. 1) 9.4x 1078 1.2x10°3
278.2 8.65 10 ° (Ref. 6 9.1x 1078 1.4x10°°
283.2 8.3% 107 ° (Ref. 8.8x 1076 1.6x10°°
288.2 9.0 10 © (Ref. 2 8.7x10°8 1.9x10°°
293.2 8.16¢10°° (Ref. 4 8.7x1078 2.2x1078
298.1 7.5x10 ¢ (Ref. 5 8.9x10 ¢ 2.6x10°°
298.2 8.2% 10 ° (Ref. 6 8.9x10°8 2.6x10°3
303.2 8.4 10 ¢ (Ref. § 9.1x10°8 3.0x10°3
308.2 8.7410 ° (Ref. § 9.4x 1078 3.4x10°°
313.2 9.66<10°° (Ref. 4 9.9x10°8 3.9x10°°
318.2 1.0X 10 ° (Ref. 4 1.1x10°° 4.5x10°3
323.2 1.05%10°° (Ref. 6 1.1x10°° 5.2x10°°
328.2 1.1X 10 ° (Ref. 1) 1.2x10°° 5.9x10 3
359.0 1.9%10°° (Ref. 3 2.2x107° 1.3x10°2

Other references:

L. J. Andrews and R. M. Keefer, J. Am. Chem. S@2, 5034(1950.

8H. B. Klevens, J. Phys. Cherb4, 283 (1950.

°R. Ya. Krasnoshchekova and M. Ya. Gubergrits, Vodnye Res2irdy0(1975.

19, Sanemasa, M. Araki, T. Deguchi, and H. Nagai, Bull. Chem. Soc. Ir1054(1982.

). sanemasa, S. Arakawa, M. Araki, and T. Deguchi, Bull. Chem. Soc.5%ri.539(1984).
125, sawamura, K. Kitamura, and Y. Taniguchi, J. Phys. CH#8n4931(1989.

13R. S. Stearns, H. Oppenheimer, E. Simon, and W. D. Harkins, J. Chem. Phyt96 (1947).
4y B. Tewari, M. M. Miller, S. P. Wasik, and D. E. Martire, J. Chem. Eng. Dafa451(1982.
%H. de Voe, M. M. Miller, and S. P. Wasik, J. Res. Natl. Bur. Staftdl. S), 86, 361 (1981).

650

550 -

T/K

350

® experimental point

— calculated

250

0.0 0.5 1.0 L5 2.0 2.5
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Table 4.5. Butylbenzene—water

Components References

(1) Butylbenzene; GHi4; [104-51-§ IH. Chen and J. Wagner, J. Chem. Eng. D28a679 (1994).

(2) Water; H,0; [7732-18-5 2p. Dohanyosova, D. Fenclova, P. Vrbka, and V. Dohnal, J. Chem. Eng. 4Bath533
(200D).

3B. A. Englin, A. F. Plate, V. M. Tugolukov, and M. A. Pryanishnikova, Khim. Tekhnol. Topl.
Masel 10, 42 (1965.

“H. A. Massaldi and C. J. King, J. Chem. Eng. Dag 393 (1973.

5J. W. Owens, S. P. Wasik, and H. DeVoe, J. Chem. Eng. Bat47 (1986.

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase

T (K) Xl,exp Xl,calc T (K) Xz,exp x2,calc
280.2 1.7% 1078 (Ref. 5 2.4x10°8 283.2 1.74107% (Ref. 3 1.6x10°2
283.2 1.7410° % (Ref. 5 2.3x10°8 293.2 2.46¢10° % (Ref. 3 2.1x10°3
285.7 1.7% 1078 (Ref. 5 2.3x10°8 303.2 2.36<10°° (Ref. 1) 2.8x1073
288.2 1.7410°% (Ref. 5 2.3x10°8 313.2 3.1% 103 (Ref. 1) 3.7x1078
290.7 1.7% 10 ° (Ref. 5 2.3x10°8 323.2 4.1% 10 3 (Ref. 1) 4.8x10°3
293.2 1.8410°% (Ref. 5 2.3x10°8 333.2 5.95% 103 (Ref. 1) 6.2x1073
298.2 2.410 8 (Ref. 4 2.4x10°8 343.2 8.3% 10 2 (Ref. 1) 8.0x10°3
303.2 2.2410°° (Ref. 1) 2.4x10°8 353.2 1.0% 1072 (Ref. 1) 1.0x10°2
308.2 2.0%10°¢ (Ref. 5 2.5x10°8 363.2 1.48 10 2 (Ref. 1) 1.3x10°2
313.2 2.3% 10 ° (Ref. 1) 2.7x10°8 373.2 1.9% 1072 (Ref. 1) 1.6x10°2
318.2 2.5%10°¢ (Ref. 5 2.8x10°8

323.2 2.7% 10 ° (Ref. 1) 3.1x10°8

328.2 2.86¢10°° (Ref. 2 3.3x10°

333.2 3.6 10 ° (Ref. 1) 3.6x10°°

343.2 4.3x10°° (Ref. 1) 4.5x10°°

353.2 6.4 10" ¢ (Ref. 1) 5.6x 1078

363.2 8.20x 10 ° (Ref. 1) 7.2x10°°

373.2 1.1X%10°° (Ref. 1) 9.3x10°8

Other references:

8L. J. Andrews and R. M. Keefer, J. Am. Chem. S@g, 5034 (1950.

’J. R. Jones and C. B. Monk, J. Chem. Soc. 26883

8H. B. Klevens, J. Phys. Cherb4, 283(1950).

°C. Sutton and J. A. Calder, J. Chem. Eng. D26a320 (1975.

Oy, B. Tewari, M. M. Miller, S. P. Wasik, and D. E. Martire, J. Chem. Eng. Dafa451(1982.

650 650
550 550
N M
~— ~
450 ., 450 F
350 ¢ 350
® experimental point @ experimental point
— calculated — calculated
250 : - . 250
0.0 0.5 10 L5 2.0 0 2 4 6 8 10
2
10°x, 10x,
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Table 4.6. Pentylbenzene—water

Components References

(1) Pentylbenzene; GH;¢; [538-68-1 1J. W. Owens, S. P. Wasik, and H. DeVoe, J. Chem. Eng. B&t47 (1986.

(2) Water; H0; [7732-18-5 2Y. B. Tewari, M. M. Miller, S. P. Wasik, and D. E. Martire, J. Chem. Eng. D2fa451
(1982.

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase

T (K) Xl,exp Xl,calc XZ,caIc
280.2 4.2% 1077 (Ref. 1) 5.3x1077 1.4x10°8
283.2 3.8610 7 (Ref. 1) 5.2x10°7 1.6x10°°
285.7 4.1%1077 (Ref. 1) 5.1x1077 1.7x10°8
288.2 3.8% 10 7 (Ref. 1) 5.1x10°7 1.8x10°°
290.7 41% 1077 (Ref. 1) 5.1x10°7 1.9x10°2
293.2 3.8%10 7 (Ref. 1) 5.1x10°7 2.1x10°8
298.2 46107 (Ref. 2 5.2x1077 2.4x107°
303.2 441077 (Ref. 1) 5.4x1077 2.7x10°8
308.2 4.7%10°7 (Ref. 1) 5.6x10°7 3.1x10°3
313.2 5.2 1077 (Ref. 1) 6.0x10°7 3.6x10°°
318.2 5.75%10 7 (Ref. 1) 6.4x10 7 4.1x10°°

650

550

M
o 450
350
® cxperimental point
—calculated
250
0.0 0.5 1.0 1.5 20
10%x |
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Table 4.7. Hexylbenzene—water

Components References
(1) Hexylbenzene; GHqg; [1077-16-3 W. E. May, S. P. Wasik, M. M. Miller, Y. B. Tewari, J. M. Brown-Thomas, and R. N. Goldberg, J.
(2) Water; H,0; [7732-18-5 Chem. Eng. Dat28, 197 (1983.

2). W. Owens, S. P. Wasik, and H. DeVoe, J. Chem. Eng. Bata7 (1986.

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase

T (K) Xl,exp Xl,calc X2,calc

278.2 1.0%x10°7 (Ref. 1) 1.0x1077 1.3x10°3
279.2 1.0X10 7 (Ref. 1) 1.0x10°7 1.3x10°°
280.2 9.26¢10°8 (Ref. 2 1.0x1077 1.4x10°°
281.2 1.0x10 7 (Ref. 1) 9.9x10°8 1.4x10°8
282.2 1.0x 1077 (Ref. 1) 9.8x1078 1.5x10°°
283.2 1.0x10°7 (Ref. 1) 9.8x10°8 1.5x10°3
284.2 1.0% 10 7 (Ref. 1) 9.7x10°8 1.6x10°°
285.2 1.0% 1077 (Ref. 1) 9.7x10°8 1.6x10°2
286.2 1.0%10 7 (Ref. 1) 9.6x10°8 1.6x10°°
287.2 1.0% 1077 (Ref. 1) 9.6x1078 1.7x10°8
288.2 9.1& 10 8 (Ref. 2 9.6x10°8 1.7x10°°
289.2 1.0x 107 (Ref. 1) 9.6x10°8 1.8x10°°
290.2 1.0x 1077 (Ref. 1) 9.6x10°8 1.8x10°3
291.2 1.0%10 7 (Ref. 1) 9.6x10°8 1.9x10°°
292.2 1.0%x 1077 (Ref. 1) 9.6x1078 1.9x10°2
293.2 1.06¢10 7 (Ref. 2 9.6x10°8 2.0x10°3
294.2 1.0 1077 (Ref. 1) 9.7x1078 2.1x10°8
295.2 1.06<10°7 (Ref. 1) 9.7x1078 2.1x10°8
296.2 1.0% 107 (Ref. 1) 9.7x1078 2.2x10°8
297.2 1.1x1077 (Ref. 1) 9.8x1078 2.2x1078
298.2 1.0X10 7 (Ref. 2 9.8x10°8 2.3x10°2
299.2 1.1 1077 (Ref. 1) 9.9x1078 2.4x10°8
300.2 1.1%10 7 (Ref. 1) 1.0x10°7 2.4x10°3
302.2 1.1% 107 (Ref. 1) 1.0x10°7 2.6x10°°
303.2 1.1K 1077 (Ref. 2 1.0x1077 2.6x1073
308.2 1.1%10 7 (Ref. 2 1.1x10 7 3.0x10°°
313.2 1.2x 1077 (Ref. 2 1.2x1077 3.4x107°
318.2 1.45%10 7 (Ref. 2 1.3x1077 3.9x10°3

Other references
3R. Ya. Krasnoshchekova and M. Ya. Gubergrits, Vodnye Resirdy0 (1975.
4Y. B. Tewari, M. M. Miller, S. P. Wasik, and D. E. Martire, J. Chem. Eng. D2fa451 (1982.
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Table 4.8.(1-Methylethy)benzene—water

Components References
(1) (1-Methylethy)benzene; ¢H,,; [98-82-§ L. J. Andrews and R. M. Keefer, J. Am. Chem. S@g, 5034 (1950.
(2) Water; H0; [7732-18-5 2B. A. Englin, A. F. Plate, V. M. Tugolukov, and M. A. Pryanishnikova, Khim. Tekhnol. Topl.

Masel 10, 42 (1965.
3D. N. Glew and R. E. Robertson, J. Phys. Ch&®.332(1956.
4. Sanemasa, M. Araki, T. Deguchi, and H. Nagai, Bull. Chem. Soc. Fpri054(1982.

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase

T (K) Xl,exp Xl,calc T (K) Xz,exp X2,calc
288.2 8.9% 10 ° (Ref. 4 9.9x10°8 273.2 1.04 1072 (Ref. 2 1.2x10°8
298.1 1.2 10 ° (Ref. 3 1.0x10°° 283.2 1.46¢10 2 (Ref. 2 1.6x10°2
298.2 1.0%107° (Ref. 1) 1.0<10°° 293.2 2.0X10°° (Ref. 2 2.2x1078
303.1 1.2410°° (Ref. 3 1.0x10°° 303.2 2.7%x 1072 (Ref. 2 3.0x10°3
308.1 1.2&107° (Ref. 3 1.1x10°° 313.2 3.66<10° (Ref. 2 4.0x1078
308.2 1.0%10°° (Ref. 4 1.1x10°° 323.2 4.7X10°3 (Ref. 2 5.3x1073
313.1 1.3410°° (Ref. 3 1.1x10°°

318.1 1.4%X107° (Ref. 3 1.2x10°%

318.2 1.16<10°° (Ref. 4 1.2x10°°

323.1 1.5107° (Ref. 3 1.3x10°°

328.1 1.6x10°° (Ref. 3 1.4x10°°

333.1 1.7X10 % (Ref. 3 1.5x10°°

338.3 1.86<107° (Ref. 3 1.6x10°°

343.5 2.0% 10 ° (Ref. 3 1.8x10°°

348.3 2.2K10°° (Ref. 3 2.0x107°

353.4 2.4%10°° (Ref. 3 2.2x10°°

Other references:

5C. McAuliffe, Nature(London 200, 1092(1963.

6C. McAuliffe, J. Phys. Cheniz0, 1267 (1966.

L. C. Price, Am. Assoc. Pet. Geol. BuB0, 213(1976.

8R. S. Stearns, H. Oppenheimer, E. Simon, and W. D. Harkins, J. Chem. Phyk6 (1947).
°C. Sutton and J. A. Calder, J. Chem. Eng. D26a320 (1975.

550 | ss0 |

T/K
T/K

350 350

® experimental point
P P & experimental point

— calculated —calculated

0.0 05 1.0 Ls 2.0 0 2 4 6 8

10%, 10x,

J. Phys. Chem. Ref. Data, Vol. 33, No. 4, 2004



1178 GORAL, WISNIEWSKA-GOCLOWSKA, AND MA CZYNSKI

Table 4.9.secButylbenzene—water

Components References

(1) secButylbenzene; GH1,; [135-98-9 IC. Sutton and J. A. Calder, J. Chem. Eng. D20a320(1975.

(2) Water; H,0; [7732-18-3

Reference liquid—liquid equilibrium data

Water rich phase

Hydrocarbon rich phase

T (K) Xl,exp Xl,calc X2,calc
298.2 2.36¢10°¢ (Ref. 1) 2.8x10°6 2.5x10°°
Other references:
2L. J. Andrews and R. M. Keefer, J. Am. Chem. S@2, 5034(1950.
3B. A. Englin, A. F. Plate, V. M. Tugolukov, and M. A. Pryanishnikova, Khim. Tekhnol. Topl. M4§el42 (1965.
4L. C. Price, Am. Assoc. Pet. Geol. BuB0, 213 (1976.
Table 4.10tert-Butylbenzene—water
Components References
(1) tert-Butylbenzene; GHi,; [98-06-6 1B. A. Englin, A. F. Plate, V. M. Tugolukov, and M. A. Pryanishnikova, Khim. Tekhnol. Topl.
Masel 10, 42 (1965.
(2) Water; H0; [7732-18-5
Reference liquid—liquid equilibrium data
Water rich phase Hydrocarbon rich phase
T (K) X1,ca|c XZ,exp XZ,caIc
283.2 2.%10°° 2.03x10 3 (Ref. ) 1.6x10°°

Other references:
2L. J. Andrews and R. M. Keefer, J. Am. Chem. S@g, 5034 (1950.
3C. Sutton and J. A. Calder, J. Chem. Eng. D26a320 (1975.

Table 4.11. 1,2-Dimethylbenzene—water

Components References
(1) 1,2-Dimethylbenzene; &,4; [95-47-6 IA. Ben-Naim and J. Wilf, J. Chem. Phy&0, 771 (1979.
(2) Water; H,0; [7732-18-3 2E. Hogfeldt and B. Bolander, Ark. Ken21, 161 (1964).

3J. Polak and B. C. Y. Lu, Can. J. CheBil, 4018(1973.

4. Sanemasa, M. Araki, T. Deguchi, and H. Nagai, Bull. Chem. Soc. Fpri054(1982.
5. Sanemasa, Y. Miyazaki, S. Arakawa, M. Kumamaru, and T. Deguchi, Bull. Chem. Soc.

Jpn.60, 517 (1987).

J. Phys. Chem. Ref. Data, Vol. 33, No. 4, 2004
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Reference liquid—liquid equilibrium data

Water rich phase

Hydrocarbon rich phase

T (K) Xl,exp Xl,calc T/K XZ,exp XZ,caIc
283.2 3.60<10°° (Ref. 3 3.5x10°° 273.2 1.0%10 2 (Ref. 3 1.2x10°3
288.2 2.85%107° (Ref. 4 3.5x10°° 298.2 2.60x 1072 (Ref. 2 2.6x1073
293.2 4.08 10 ° (Ref. ) 3.5x10°°
298.1 3.04107° (Ref. 5 3.6x10°°
298.2 3.6 10°° (Ref. 3 3.6x10°°
308.2 3.3%10 ° (Ref. 4 3.8x10°°
318.2 3.64107° (Ref. 4 4.1x10°°
Other references:
8L. J. Andrews and R. M. Keefer, J. Am. Chem. S@t, 3644 (1949.
’A. N. Guseva and E. I. Parnov, Vestn. Mosk. Univ., Ser. 2: Khii8).76 (1963.
8D. F. Keeley, M. A. Hoffpauir, and J. R. Meriwether, J. Chem. Eng. (362456 (1991).
9C. McAuliffe, Nature(London 200, 1092(1963.
10, C. Price, Am. Assoc. Pet. Geol. BuB0, 213(1976.
15, sawamura, K. Suzuki, and Y. J. Taniguchi, J. Solution CHe8n649 (1987).
12C, Sutton and J. A. Calder, J. Chem. Eng. D26a320(1975.
By, B. Tewari, M. M. Miller, S. P. Wasik, and D. E. Martire, J. Chem. Eng. D2fa451(1982.

550

v/ 450
S
350
# experimental point
— calculated
250 : .
0.0 0.5 | 0] L5 2.0 2.5
102x1

Table 4.12. 1,3-Dimethylbenzene—water
Components References
(1) 1,3-Dimethylbenzene; ¢,,; [108-38-3 IF. E. Anderson and J. M. Prausnitz, Fluid Phase Equiii.63 (1986.
(2) Water; H,0; [7732-18-5 °F. S. Chernoglazova and Yu. N. Simulin, Zh. Fiz. Khi, 809 (1976.

3B. A. Englin, A. F. Plate, V. M. Tugolukov, and M. A. Pryanishnikova, Khim. Tekhnol. Topl.

Masel 10, 42 (1965.

“E. Hagfeldt and B. Bolander, Ark. Ken21, 161 (1964.

5D. J. Miller and S. B. Hawthorne, J. Chem. Eng. D4 78 (2000.

5J. Polak and B. C. Y. Lu, Can. J. CheBl, 4018(1973.

"W. A. Pryor and R. E. Jentoft, J. Chem. Eng. D&fe86 (1961).

8. Sanemasa, M. Araki, T. Deguchi, and H. Nagai, Bull. Chem. Soc. #rl054(1982.

9. Sanemasa, Y. Miyazaki, S. Arakawa, M. Kumamaru, and T. Deguchi, Bull. Chem. Soc.

Jpn.60, 517 (1987.

105, sawamura, K. Suzuki, and Y. J. Taniguchi, J. Solution CHe8n649 (1987).
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Reference liquid—liquid equilibrium data

Water rich phase

Hydrocarbon rich phase

T (K) P (kPa) Xl,exp Xl,calc T (K) P (kPa) X2,exp XZ,caIc
273.2 3.3%10 ° (Ref. § 2.9x10°° 273.2 1.1% 1072 (Ref. 6 1.2x10°8
288.2 2.6&10°° (Ref. 8 2.7x10°° 283.2 1.7 1072 (Ref. 3 1.7x10°8
293.2 2.7x10°° (Ref. 2 2.7x10°° 293.2 2.3%10 2 (Ref. 3 2.3x10°°
298.0 6000 2.9810°° (Ref. 5 2.7x107° 298.2 2.60< 102 (Ref. 4 2.7x1073
298.1 2.4x10°° (Ref. 9 2.7x10°° 303.2 3.1%10 3 (Ref. 3 3.1x10°3
298.2 2.7x10°° (Ref. 10 2.7x10°° 313.2 3.9 102 (Ref. 2 4.1x10°8
308.2 2.85%10°° (Ref. 8 2.9x10°° 343.2 1.1 1072 (Ref. 2 9.2x1073
313.2 3.7x10°° (Ref. 2 3.0x10°° 373.6 101 1.64% 1072 (Ref. 1) 1.9x1072
318.2 3.1%10°° (Ref. 8 3.2x10°° 398.2 281 2.78% 1072 (Ref. 1) 3.3x107?
323.0 6000 3.6810 ° (Ref. 5 3.4x10°° 398.3 274 2.85%10 2 (Ref. 1) 3.3x10°?
373.0 6000 8.5810°° (Ref. 5 8.2x107° 423.2 598 5.13% 102 (Ref. 1) 5.5x10 2
378.8 1.1% 10 * (Ref. 7 9.3x10°° 448.4 1142 8.84810 2 (Ref. 1) 9.0x10°?
397.4 1.7510"“ (Ref. 7) 1.4x10°4 473.4 2004 1.51810* (Ref. 1) 1.4x1071
423.0 6000 2.78107* (Ref. 5 2.7x1074

423.2 598 2.9810 % (Ref. 1) 2.7x10°4

437.4 4.2K10°* (Ref. 7 3.9x1074

448.4 1142 5.1%10 4 (Ref. 1) 5.2x10°4

459.6 7.8%10 4 (Ref. D 7.0x10°4

463.1 7.76¢10°* (Ref. 7) 7.7x10°4

473.0 6000 8.8810 * (Ref. 5 1.0x10°2

473.4 2004 9.6410™* (Ref. 1 1.0x10°8

539.8 4.96¢10° % (Ref. 7 5.7x10°3

543.8 5.0 103 (Ref. 7) 6.3x1073

Other references:

1, J. Andrews and R. M. Keefer, J. Am. Chem. S@t, 3644 (1949.
2R. L. Bohon and W. F. Claussen, J. Am. Chem. St8;.1571(1952).
B3A. N. Guseva and E. I. Parnov, Vestn. Mosk. Univ., Ser. 2: KHi). 76 (1963.

¥“D. F. Keeley, M. A. Hoffpauir, and J. R. Meriwether, J. Chem. Eng. (32456 (1991).

5L, C. Price, Am. Assoc. Pet. Geol. BuB0, 213(1976.
16C. Sutton and J. A. Calder, J. Chem. Eng. D26a320(1975.
1y, B. Tewari, M. M. Miller, S. P. Wasik, and D. E. Martire, J. Chem. Eng. D2fa451 (1982.

187, Vesala, Acta Chem. Scand., Ser28, 839 (1974.
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Table 4.13. 1,4-Dimethylbenzene—water

Components References
(1) 1,4-Dimethylbenzene; ¢,,; [106-42-3 IA. Ben-Naim and J. Wilf, J. Chem. Phy&0, 771 (1979.
(2) Water; H,0; [7732-18-5 2H. Chen and J. Wagner, J. Chem. Eng. D88a679 (1994.

SE. Hogfeldt and B. Bolander, Ark. Ken21, 161 (1964.

). Polak and B. C. Y. Lu, Can. J. Chebi, 4018(1973.

5L. C. Price, Am. Assoc. Pet. Geol. BuB0, 213(1976.

5W. A. Pryor and R. E. Jentoft, J. Chem. Eng. D86 (1961).

’I. Sanemasa, M. Araki, T. Deguchi, and H. Nagai, Bull. Chem. Soc. #prl054(1982.

8. Sanemasa, Y. Miyazaki, S. Arakawa, M. Kumamaru, and T. Deguchi, Bull. Chem. Soc.
Jpn.60, 517(1987.

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase

T (K) Xl,exp Xl,calc T (K) X2,exp XZ,caIc
273.2 2.7%10°° (Ref. 4 2.8x107° 298.2 2.7 1072 (Ref. 3 2.7x1078
283.2 3.2%107° (Ref. 1) 2.6x107° 303.2 2.7% 1072 (Ref. 2 3.1x10°8
288.2 2.6 10 ° (Ref. 7) 2.6x10°° 313.2 3.4&10 2 (Ref. 2 4.2x10°3
293.2 3.2510°° (Ref. 1) 2.6x107° 323.2 4.7%10°° (Ref. 2 5.5x1072
298.1 2.7%10°° (Ref. 8 2.6x10°° 333.2 6.5 10 2 (Ref. 2 7.2x10°°3
298.2 2.66K10°° (Ref. 5 2.6x107° 343.2 8.7x 1072 (Ref. 2 9.3x1073
303.2 2.86¢10°° (Ref. 2 2.7x10°° 353.2 1.1 10 ? (Ref. 2 1.2x10°2
308.2 2.9%10 ° (Ref. 7) 2.8x10°° 363.2 1.5%10 2 (Ref. 2 1.5x1072
313.2 3.1&10°° (Ref. 2 2.9x107° 373.2 2.0X 1072 (Ref. 2 1.9x10°2
318.2 3.0%x10°° (Ref. 7 3.1x10°°

323.2 3.4410°° (Ref. 2 3.3x10°°

333.2 4.0410° (Ref. 2 3.7x107°

343.2 4.8%10°° (Ref. 2 4.4x10°°

353.2 5.7%10°° (Ref. 2 5.3x107°

360.4 7.7% 10 ° (Ref. 6 6.1x10°°

363.2 6.7 107° (Ref. 2 6.4x107°

373.2 8.74 10 ° (Ref. 2 7.9x10°°

4357 4264107 (Ref. 3.6x10°*

461.3 7.686 10 * (Ref. 6 7.1x10°4

516.4 2.95610° 2 (Ref. 6 3.1x10°°

555.7 7.624& 10 (Ref. 6 8.4x 1072

Other references:

°F. E. Anderson and J. M. Prausnitz, Fluid Phase Equih.63 (1986.

10, J. Andrews and R. M. Keefer, J. Am. Chem. S@&, 3644 (1949.

HR. L. Bohon and W. F. Claussen, J. Am. Chem. St&:.1571(1951).

2A. N. Guseva and E. I. Parnov, Vestn. Mosk. Univ., Ser. 2: KHi). 76 (1963.

13\. Haruki, Y. Iwai, S. Nagao, and Y. Arai, J. Chem. Eng. D&tk 950 (2001).

¥D. F. Keeley, M. A. Hoffpauir, and J. R. Meriwether, J. Chem. Eng. (32456 (1991).
153, Kirchnerova and G. C. B. Cave, Can. J. Ch&#).3909(1976.

6. M. Lo, C. L. Tseng, and J. Y. Yang, Anal. Che&8, 1596(1986.

7S, Sawamura, K. Suzuki, and Y. J. Taniguchi, J. Solution CHeBn649 (1987.

18C. Sutton and J. A. Calder, J. Chem. Eng. D26a320(1975.

%y, B. Tewari, M. M. Miller, S. P. Wasik, and D. E. Martire, J. Chem. Eng. D2fa451(1982.
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Table 4.14. 1,3-Diethylbenzene—water

Components

(1) 1,3-Diethylbenzene; gH14; [141-93-5
(2) Water; H,O; [7732-18-3

References

1. G. Economou, J. L. Heidman, C. Tsonopoulos, and G. M. Wilson, AICHB 335 (1997).

Reference liquid—liquid equilibrium data

Water rich phase

Hydrocarbon rich phase

T (K) P (kPa) Xl,exp Xl,calc T (K) P (kPa) X2,exp X2,calc
366.5 1.0 10 ° (Ref. 1) 7.7x10°® 310.9 3.4%10 3 (Ref. 1) 3.5x10°°
422.0 508.1 4.3810°° (Ref. 1) 4.0x10°° 366.5 1.6X 1072 (Ref. 1) 1.4x10°2
477.6 1891.2 2.7010 4 (Ref. 1) 2.4x1074 422.0 508.1 5.9810° 2 (Ref. 1) 4.7x107?
533.2 5405 1.5%10°° (Ref. 1) 1.5x10°8 477.6 1891.2 1.52107! (Ref. 1) 1.4x10°*
549.8 7074 3.0%1072 (Ref. 1) 2.6x107° 533.2 5405 3.6%107* (Ref. 1) 3.7x107t
549.8 7074 4.5%10° ! (Ref. 1) 4.8x10°1
600
600 -
) 500 M
e .
400 |
® experimental poin ) .
R -+ ol poin
300 L 300 L = L
0.0 0.5 1.5 2.0 (] 4 6 8 10
10%, 10x,
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Table 4.15. 1-Ethyl-2-methylbenzene—water

Components References

(1) 1-Ethyl-2-methylbenzene; d8;,; [611-14-3 1y, B. Tewari, M. M. Miller, S. P. Wasik, and D. E. Martire, J. Chem. Eng. D2ifa451(1982.
(2) Water; H,0; [7732-18-§

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T/K Xl,exp Xl,calc Xz,calc
298.2 1.1% 10 ° (Ref. 1) 1.0x10°° 2.5x10°3

Table 4.16. 1-Methyl-41-methylethylbenzene—water

Components References
(1) 1-Methyl-4{1-methylethylbenzene; GH;,;[99-87-6 1B. A. Englin, A. F. Plate, V. M. Tugolukov, and M. A. Pryanishnikova, Khim. Tekhnol. Topl.
(2) Water; H0; [7732-18-3 Masel 10, 42 (1965.

2D. J. Miller and S. B. Hawthorne, J. Chem. Eng. Dd&a 78 (2000.

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase

T (K) Xl,exp Xl,calc T (K) XZ,exp X2,calc

423.0 4.310°° (Ref. 2 3.7x107° 283.2 1.66<10° 2 (Ref. 1) 1.6x10°3

473.0 2.0x10* (Ref. 2 1.9x1074 293.2 2.2K10°° (Ref. 1) 2.2x1078
303.2 3.0%10°3 (Ref. 1) 2.9x10°3

Other references:
3S. Banerjee, S. H. Yalkowsky, and S. C. Valvani, Environ. Sci. Techihl1227(1980.
4H. S. Booth and H. E. Everson, Ind. Eng. Chet), 1491(1948.

550

T/K

350

o expetimental point
— calculated

250

0 2 4 6 8
10x,
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Table 4.17. 1,4-Bid-methylethylbenzene—water

Components References
(1) 1,4-Big1-methylethylbenzene; ¢H,g; [100-18-3 1. G. Economou, J. L. Heidman, C. Tsonopoulos, and G. M. Wilson, AICHEB,J535(1997).
(2) Water; H,0; [7732-18-§

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T (K) P (kPa) Xl,exp Xl,calc T (K) P (kPa) Xz,exp Xz,calc
477.6 1799.5 5.8010 ° (Ref. 1) 5.0x107° 310.9 3.45 1072 (Ref. 1) 3.3x10°3
533.2 5081 45810 (Ref. 1) 4.5x1074 366.5 1.5% 102 (Ref. 1) 1.3x10°2
549.8 7460 7.1810° 4 (Ref. ) 8.6x10°4 533.2 5081 3.6410 ! (Ref. ) 3.3x10°1t
549.8 7460 462107 (Ref. 1) 4.3x10°*
650
550 -
600 .
550 F w
v v 450
= <
500
350
450
* experimental point ® experimental point
— calculated — calculated
400 s + L L 250
[} 2 4 6 8 10 0 2 4 6 8 10
10% 10x,
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Table 4.18. 1,2,3-Trimethylbenzene—water

Components References
(1) 1,2,3-Trimethylbenzene; 4El,,; [526-73-§ 1. Sanemasa, M. Araki, T. Deguchi, and H. Nagai, Bull. Chem. Soc. Fn054(1982.
(2) Water; H0; [7732-18-5 2C. Sutton and J. A. Calder, J. Chem. Eng. D26a320 (1975.

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T (K) Xl,exp X1,ce\|c Xz,calc
288.2 8.9% 10 ° (Ref. 1) 1.2x107° 1.9x10°3
298.2 1.1%10°° (Ref. 2 1.2x10°° 2.5x10°°
308.2 1.0 10 ° (Ref. 1) 1.3x10°° 3.2x10°3
318.2 1.2&107° (Ref. 1) 1.4x10°° 4.1x10°3

Other references:
3Y. B. Tewari, M. M. Miller, S. P. Wasik, and D. E. Martire, J. Chem. Eng. D2fa451 (1982.

650

]

550

T/K

350 +

® experimental point

— calculated

250

0.0 0.5 1.0 L5 2.0 2.5 3.0
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Table 4.19. 1,2,4-Trimethylbenzene—water

Components References
(1) 1,2,4-Trimethylbenzene;4El,,; [95-63-6 IC. McAuliffe, J. Phys. Chemz0, 1267(1966.
(2) Water; H,0; [7732-18-5 2. Sanemasa, M. Araki, T. Deguchi, and H. Nagai, Bull. Chem. Soc. #yrl054(1982.

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T (K) Xl,exp X1,ca|c Xz,calc
288.2 7.8410°° (Ref. 2 8.2x10°° 1.9x10°3
298.2 8.5x 1076 (Ref. 1) 8.3x1076 2.5x10°°
308.2 9.3%X 10 ° (Ref. 2 8.9x10°° 3.3x10°°2
318.2 1.04107° (Ref. 2 9.9x10°° 4.3x10°3

Other references:
3L. C. Price, Am. Assoc. Pet. Geol. Bub0, 213(1976.
4C. Sutton and J. A. Calder, J. Chem. Eng. D2a320(1975.

650

550

T/K

350

® cxperimental point

— calculated

250
0.0 0.5 1.0 L5 2.0 25
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Table 4.20. 1,3,5-Trimethylbenzene—water

1187

Components
(1) 1,3,5-Trimethylbenzene; 4El,,; [108-67-§
(2) Water; H,0; [7732-18-§

References
IH. Chen and J. Wagner, J. Chem. Eng. D28a679 (1994).

B. A. Englin, A. F. Plate, V. M. Tugolukov, and M. A. Pryanishnikova, Khim. Tekhnol. Topl.

Masel 10, 42 (1965.
3. Sanemasa, M. Araki, T. Deguchi, and H. Nagai, Chem. Lett. (A281).

4. Sanemasa, M. Araki, T. Deguchi, and H. Nagai, Bull. Chem. Soc. Fpri054(1982.

5C. Sutton and J. A. Calder, J. Chem. Eng. D26a320 (1975.
SA. Vesala, Acta Chem. Scand., Ser28 839 (1974.

Reference liquid—liquid equilibrium data

Water rich phase

Hydrocarbon rich phase

T (K) Xl,exp Xl,calc T (K) X2,exp xz,calc
288.2 6.9x 10" ° (Ref. 4 7.2x1078 293.2 1.94107° (Ref. 2 2.2x1078
298.0 5.9% 10 ¢ (Ref. 6 7.3x10°8 303.2 2.6X10°° (Ref. 2 3.0x10°3
298.2 7.2%10°° (Ref. 5 7.3x10°8 313.2 3.5x 102 (Ref. 1) 3.9x10°3
303.2 9.5& 10" ¢ (Ref. 1) 7.5x10°8 323.2 4.8% 103 (Ref. 1) 5.1x1073
308.2 8.1X 10 ° (Ref. 3 7.8x10 ¢ 333.2 6.0%10 2 (Ref. 1) 6.7x10°°
313.2 1.0x107° (Ref. 1) 8.2x1078 343.2 7.9%10°° (Ref. 1) 8.5x 1073
318.2 8.8% 10 ° (Ref. 4 8.7x10°8 353.2 1.06<10°? (Ref. 1) 1.1x10°2
323.2 1.1%107° (Ref. 1) 9.3x10°8 363.2 1.4 1072 (Ref. 1) 1.4x1072
333.2 1.36¢10°° (Ref. 1) 1.1x10°° 373.2 1.9 10 2 (Ref. 1) 1.7x10°2
343.2 1.66¢10 ° (Ref. 1) 1.3x10°°

363.2 2.45%10°° (Ref. 1) 2.0x107°

373.2 2.9K10°° (Ref. 1) 2.5x10°°

Other references:

L. J. Andrews and R. M. Keefer, J. Am. Chem. S@2, 5034(1950.
8H. S. Booth and H. E. Everson, Ind. Eng. Chet, 1491 (1948.
9A. N. Guseva and E. I. Parnov, Vestn. Mosk. Univ., Ser. 2: Khii).76 (1963.

650

550

T/K

350 k

® experimental point

— calculated

250
0.0

0.5 10 1.5 2.0
10%,

550

M450-
~

350

250

® experimental point

— calculated

10x,
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Table 4.21. Ethenylbenzene—water
Components References

(1) Ethenylbenzene; Hg; [100-42-5
(2) Water; H,0; [7732-18-§

L. J. Andrews and R. M. Keefer, J. Am. Chem. S@2, 5034 (1950.

2W. H. Lane, Ind. Eng. Chem., Anal. Ed8, 295 (1946.

Reference liquid—liquid equilibrium data

Water rich phase

Hydrocarbon rich phase

T (K) Xl,exp Xl,calc T (K) X2,exp Xz,calc
280.2 5.0 10°° (Ref. 2 5.2x10°° 279.2 1.8<10°2 (Ref. 2 2.1x10°8
288.2 4.3x10°° (Ref. 2 5.0x107° 287.2 2.% 102 (Ref. 2 2.6x1078
297.2 5.7 10 ° (Ref. 2 5.1x10°° 298.2 3.8<10°° (Ref. 2 3.5x10°°
298.2 5.1%10°° (Ref. 1) 5.1x10°° 300.2 3.5¢107°% (Ref. 2 3.7x1078
305.2 6.2 10 ° (Ref. 2 5.4x10°° 304.2 4.8<10 ° (Ref. 2 4.1x10°8
313.2 6.9 107° (Ref. 2 5.9x10°° 307.2 4.6<1072 (Ref. 2 4.5x10°3
317.2 6.9x107° (Ref. 2 6.3x10°° 313.2 5.% 10 2 (Ref. 2 5.2x10°3
322.2 7.8x107° (Ref. 2 6.9x10°° 318.2 6.%<10° 2 (Ref. 2 6.0x10°3
324.2 7.8x107° (Ref. 2 7.1x10°° 324.2 7.x10°° (Ref. 2 7.0x1073
329.2 8.60< 10 ° (Ref. 2 7.9x10°°

338.2 1.0x10°“ (Ref. 2 9.7x107°

Other references:

3S. Banerjee, S. H. Yalkowsky, and S. C. Valvani, Environ. Sci. Techiihl1227(1980.
4V. J. Frilette and W. P. Hohenstein, J. Polym. $%i22 (1948.
R. G. Fordyce and E. C. Chapin, J. Am. Chem. $2%;.581 (1947).

J. Phys. Chem. Ref. Data, Vol. 33, No. 4, 2004
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